Peel extracts of litchi and rambutan, and that of tamarind seed coat were investigated in relation to their utility in skin-aging treatments. Standardized extracts of tamarind were significantly (p < 0.05) more efficient at O 2
Value creation from food supply chain wastes, in particular food residues, is an idea that is fueling new areas of research globally. Finding sustainable feedstocks based on waste for chemical and materials development, and new ways to transform wastes from fruit processing to valueadded products is of interest due to the low cost and abundance of biomass waste, and the diverse range of active chemical constituents locked within these waste materials. The inedible parts of fruits and vegetables from agro-businesses make up a large portion of such waste materials, the volume of which increases annually in line with demand for food products. Therefore, utilizing this waste as a source of new health product NATTAYA LOURITH et al. ingredients, such as phenolics or cosmetic actives, will add value to the food supply chain and streamline waste management processes due to lowering treatment and disposal costs (Matharu et al. 2016) . Accordingly, the screening of byproducts from industrial crops for pharmaceutical actives, including cosmetic agents, is an area of considerable promise (Berto et al. 2015 , Jorge et al. 2016 , Melo et al. 2015 , Sung et al. 2015 . Litchi (Litchi chinensis), rambutan (Nephelium lappaceum) and sweet tamarind (Tamarindus indica) are grown in abundance as fruit crops in Thailand , Pongpunyayuen and Lourith 2011 . Utilizing waste from such crops as the basis for value-added materials (Melo et al. 2015 ) is challenging, but of considerable importance towards achieving the goal of zero-waste production (Matharu et al. 2016) .
The peels of litchi and rambutan, and the seed coat of tamarind have been highlighted as important sources of antioxidant phenolics for use in healthcare products, including cosmetics , Pongpunyayuen and Lourith 2011 . These fruit antioxidants exhibit significant ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid) and DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical scavenging ability, superior to that of vitamin C. Additionally, their UV protective and anti-tyrosinase activities, in conjunction with non-cytotoxic nature in mammalian cell cultures (including human skin fibroblasts) widens their therapeutic utility, such as for use in skin hyperpigmentation treatments. Their potential in promoting human health is also enhanced due to their neuritogenic, and neuroprotective activities (Sarin et al. 2013) .
Skin is composed of collagen and elastin, which are synthesized by fibroblast cells and act to regulate skin strength and elasticity. Reductions in fibroblast activities result in the sagging and wrinkling of skin. Matrix metalloproteinases (MMPs) are enzymes of the extracellular matrix (ECM) which take part in many degradation processes, including those of collagen and elastin. MMP activity is accelerated with age and in the presence of radicals, particularly superoxide anion (O 2 ·-) which is a potent inflammatory mediator (Herring and Jung 2012) . Deactivation, inhibition or suppression of MMP, especially collagenase and elastase, are regarded as leading strategies in the management of skin aging Lourith 2015, Lourith and . Therefore, employing antioxidants with enzyme inhibitory effects, notably radical scavenging phenolics, is common in anti-aging products formulations (Ranic et al. 2014) . However, the down-regulation of fibroblasts correlates with up-regulation of melanocytes, resulting in dark spot formation, skin dehydration, and wrinkling (Kammeyer and Luiten 2015, Kanlayavattanakul et al. 2016) . As a consequence, new products require testing against fibroblasts and melanoma cells to ensure confirmation of their safety and to assess the potency of the active constituents.
This study aims to assess the efficiencies of litchi, rambutan and tamarind residues as actives for preventing skin aging, through examining their radical (superoxide) scavenging abilities, and collagenase/elastase inhibitory effects. Assessments of antioxidant activities in fibroblasts, and melanogenesis inhibitory effects in B16F10 melanoma cells can provide an insight into extract safety.
MateriaLs aNd Methods

MATERIALS
All of the chemicals used were of analytical grade unless otherwise specified. The solvents for extraction, n-hexane, ethanol (EtOH) and ethyl acetate (EtOAc), were from Merck FRUIT-BASED BIOMATERIALS FOR ANTI-AGING PRODUCTS 579 (Germany). Deionized water was prepared using a Milli-Q water purification system (Millipore, USA). The chemicals and reagents for evaluating the antioxidant and enzyme inhibitory activities were from Sigma-Aldrich (USA), and those for the evaluation of the total phenolic contents were from Fluka (USA) as were the standards gallic acid, quercetin, ursolic acid and epigallocatechin gallate (EGCG). Those for cellular activity assessment were from Sigma-Aldrich, unless otherwise stated. The absorbance of each assay was recorded using a microplate reader (SPECTROstar Nano, BMG Labtech, Germany).
SAMPLE PREPARATION
The peels of litchi and rambutan and the seed coat of sweet tamarind (all cultivated in Chiang Rai) were collected. These fruit residues were washed in tap water and air-dried under the shade. The dried residues were thereafter oven dried (at 50°C) and ground into powder, macerated in 70% EtOH followed by liquid-liquid extraction using n-hexane and EtOAc, stepwise. As delineated by the previous methods, the most potent extract was presented in the EtOAc fraction , Pongpunyayuen and Lourith 2011 .
TOTAL PHENOLIC CONTENT (TPC) ANALYSIS
The total phenolic content in the peel extracts and seed coat extract was determined as previously described by Lourith et al. (2009) in a comparison with gallic acid using the Folin-Ciocalteu reagent. The results were reported in grams of gallic acid equivalent/100 g extract (g GAE/100 g extract). The anti-collagenase activity was compared with EGCG. The assay was performed in triplicate. Fibroblasts (5 x 10 5 cells/well) in 6-well plate, cultivated without the supplement of FBS, were incubated for 24 h. The cells were treated with the fruits' residue extracts by the non-cytotoxic doses and further incubated for 72 h. The supernatant was collected for quantification of MMP-2 using SDS-PAGE zymography with gelatin as the substrate. The inhibitory effect was calculated in a comparison with those of the control, the supplement (Manosroi et al. where T sample = Tyrosinase activity of the sample T EtOH = Tyrosinase activity of the absolute ethanol P sample = Protein content of the sample P EtOH = Protein content of the absolute ethanol
The supernatant obtained from the lysis treated cells was mixed with 1 mM phenylthiourea, 2 mM EDTA and 10 mM sodium phosphate buffer (pH 6.8). DOPAchrome solution containing 1 mM L-DOPA and 2 mM NaIO 4 , was added into the mixture and incubated at 37 ºC for 2 h. The reduction of DOPAchrome was measured at 490 nm. The reaction mixture with bovine serum albumin instead of the cell supernatant was used as a negative control. The TRP-2 activity was compared with the control and the inhibitory effect was expressed The data are presented as the mean ± SD, and a one-way ANOVA test was used to evaluate the differences between groups using the program SPSS version 16.0. The level of significance used was p < 0.05.
resuLts aNd disCussioN
Waste from fruit processing is a potential source of active phenolics, which are valuable raw materials for the healthcare industry (Matharu et al. 2016) .
Researchers are actively exploring new methods for the valorization of fruit residues into valueadded specialty ingredients, with sustainable waste management being a key benefit (Berto et al. 2015 , Jorge et al. 2016 , Melo et al. 2015 , Sung et al. 2015 . As Thailand is a major fruit producer and exporter, waste from several economically important fruit types (litchi, rambutan and tamarind) was selected and screened for its potential as a source of safe and efficient actives for application in the cosmetic industry.
STANDARDIZATION OF FRUIT RESIDUE EXTRACTS
Quantification of levels of active principles in selected fruits was standardized using TPC (Table  I) 
SUPEROXIDE ANION RADICAL SCAVENGING
ACTIVITY
Tamarind seed coat extract exhibited significantly (p < 0.05) O 2 ·-more potent radical scavenging behavior over other extracts (litchi, rambutan) and that of the standard quercetin (Table I) 
ELASTASE INHIBITORY EFFECT
The ability of extracts to inhibit the elastin degrading enzyme (elastase) was explored at an extract concentration of 0.25 mg/ml, with results compared with those of the standard, ursolic acid (0.125 mg/ml). Litchi peel extract proved to be significantly more effective (p < 0.05) at inhibiting elastase than tamarind seed coat and rambutan peel extracts, as shown in Table I . Doubling the concentration resulted in the elastase inhibition percentage for litchi extract being comparable to that of ursolic acid. Litchi extract showed similar potency against elastase to that of white tea (89%) and was markedly more potent than green tea, or pomegranate extracts (10 and 15%), as assessed using the same protocol (Thring et al. 2009 ).
COLLAGENASE INHIBITORY EFFECT
Collagenase inhibition by litchi peel extract was highest over the other extract, but significantly (p < 0.005) less potent than the standard (EGCG) at identical concentration (0.05 mg/ml). Litchi peel extract of each concentration was significantly (p < 0.005) more potent than tamarind seed coat and rambutan peel extracts (Table I ). In addition, litchi peel extract proved to be more active against this enzyme than that of white tea, which only exhibits high collagenase inhibition levels (87%) at a tested concentration of 0.125 mg/ml, 2.5 times higher than the tested litchi extract concentration. Furthermore, the anti-collagenase activities of all studied extracts were higher than the previously activities reported for green tea and pomegranate extracts (47 and 10%, respectively) (Thring et al.
2009).
Phenolic was found to be responsible for the anti-elastase and anti-collagenase activities. The structure and nature of phenolics present in an extract influences its biological activity, in particular the mechanisms relating to antioxidant activity (Kanlayavattanakul and Lourith 2012). The extract potency against collagen and elastin degradation tends to be regulated by the content of gallic acid, which is a low molecular weight small phenolic molecule that was shown to be predominant in litchi peel extract ).
ACTIVITIES IN HUMAN SKIN FIBROBLASTS
Despite all extracts in this study being proven safe in fibroblasts , Pongpunyayuen and Lourith 2011 , no investigations into their cellular activity (anti-aging potential) have been undertaken to date. In this context, the safety profile of all extracts was firstly verified in fibroblasts, with fibroblast cells treated with either vitamin C (the positive control), litchi, rambutan peel, or tamarind seed coat extracts (each 0.1 µg/ml) showing similar viabilities to that of the cells treated with absolute ethanol (Table II) . Litchi extract was shown to be the safest extract, with 0.05, 0.01 and 0.007 mg/ml being the maximum safe concentrations of litchi, rambutan and tamarind extracts, respectively. In addition, litchi and tamarind extracts were able to promote fibroblast proliferation, and these findings are in accordance with the inhibitory effects of these extracts against elastase and collagenase. These safety concentrations are important indicators in developing treatments using these extracts: the safety profile of these extracts, especially tamarind, need careful consideration.
Assessments of the inhibitory effects of each extract (including vitamin C) against MMP-2 in fibroblasts were investigated in addition to the in vitro cell viability tests, and were measured at their safe doses, as shown in Fig. 1 . MMP-2 is an important enzyme catalyzing the degradation of the cellular skin matrix, collagen and elastin . Assessments of the inhibitory effects of each extract (including vitamin C) against MMP-2 in fibroblasts were measured at their safe doses, as shown in Fig. 1 . Vitamin C (standard) inhibited MMP-2 by 10.42 ± 5.91% at 0.05 mg/ml, being significantly less potent than litchi (23.75 ± 2.74%; p < 0.01) at the same concentration. The litchi extract inhibitory effect (at 0.05 mg/ml) proved comparable to that obtained at the highest safe concentration of rambutan (0.01 mg/ml, 23.11 ± 8.92%). In addition, activities against dermal matrix degradation enzyme at 0.007 mg/ml indicated that extracts of tamarind and rambutan were significantly more potent (21.45 ± 5.19 and 17.70 ± 4.95; p < 0.002 and < 0.014) than litchi (7.84 ± 0.42%) at this concentration.
ANTI-MELANOGENESIS ACTIVITY IN B16F10 MELANOMA CELLS
Melanin production is regulated by tyrosinase, and the related proteins TRP-1 and TRP-2. Tyrosinase catalyzes the hydroxylation of tyrosine to produce 3,4-dihydroxyphenylalanine (DOPA), and further oxidation of DOPA to form DOPAquinone. Thereafter, TRP-2 functions as a DOPAchrome tautomerase catalyzing the rearrangement of DOPAchrome to 5,6-dihydroxyindole-2-carboxylic acid or DHICA, which is further oxidized by TRP-1 to a carboxylated indole-quinone. Thus, inhibition of melanogenesis regulating enzymes, particularly tyrosinase and
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TRP-2, is therefore a focal point for research into preventing skin hyperpigmentation, a clinical sign of cutaneous aging (Kammeyer and Luiten 2015) .
In vitro tyrosinase activity assays indicate that tamarind seed coat extract is the most potent inhibitor than litchi, and rambutan peels (Table I) . However, anti-melanogenesis activities for these extracts in cell cultures have not been reported previously. Thus, safety profiles, and a clear understanding of their modes of action in cellular studies were necessary to be examined.
Safety profiles for all extracts were examined in B16F10 melanoma cells, which are widely used in melanin biosynthesis studies (Sung et al. 2015) . Litchi and rambutan extracts proved to be safe at 0.0001-0.01 mg/ml concentrations, with tamarind extract having a maximum safe concentration of 0.001 mg/ml (Table II) . Accordingly, the impact of extracts on melanin production was assessed at these concentrations.
Melanoma cells were induced to synthesize melanin using theophylline (T), the positive control. Kojic acid (KA) was used as the negative control, suppressing melanin synthesis. T induces melanogenesis through the cAMP-dependent signaling pathway, with an induction of gammaglutamyl transpeptidase-, and tyrosinasereactive cells enhancing the melanin content to a level of 137.71 ± 2.70%. By comparison, KA, a melanogenesis inhibitor, chelates with melanin production level (Fig. 2a) . Inhibitory effects of extracts followed a dose dependent profile with tamarind extract being the most potent at suppressing melanin production ( Fig. 2b) with the calculated cellular IC 50 of 0.019, 0.040 and 0.077 mg/ml for tamarind, rambutan and ltichi, respectively. Notably, litchi extract significantly (p < 0.05) better suppressed melanin production (67.84 ± 4.75%) than kojic acid (72.55 ± 3.78%) at 0.05 mg/ml. In addition, litchi extract was shown to be more potent than spent coffee (21% at 0.1 mg/ ml) as obtained from a more efficient extraction protocol that previously reported (Sung et al. 2015) . Tyrosinase inhibitory assays with melanoma cells indicated that treatment with T resulted in enhanced activity (126.51 ± 0.82%), whereas KA treatment resulted in down-regulation. In a similar trend to that seen in the melanin content assay, the extracts inhibited tyrosinase activity by a greater extent at higher doses. Surprisingly, litchi extract showed significantly (p < 0.01) stronger tyrosinase inhibition activity over that of kojic acid at the same concentration (77.15 ± 2.05 and 29.79 ± 5.42% at 0.05 mg/ml), as shown in Fig. 3 . Moreover, litchi peel extract proved to be a stronger tyrosinase inhibitor than spent coffee (33.5% at 0.1 mg/ml) (Sung et al., 2015) . In addition, TRP-2 activity was down-regulated on treatment with the fruit residue extracts, as shown in Fig. 4 , with the extent of TRP-2 inhibition being in accordance with the extracts' anti-tyrosinase activities. In summary, treatment with litchi extract resulted in significant (p < 0.01) suppression of TRP-2 activity (55.26 ± 1.01%) over that of kojic acid (39.60 ± 7.98%) at the same concentration (0.05 mg/ml).
CoNCLusioNs
Standardized extracts of fruit residues (litchi and rambutan peel, and tamarind seed coat) were prepared, with TPC being successfully employed to monitor quality control. Tamarind extract significantly quenched O 2 ·-to a greater extent than other extracts, including quercetin (standard).
Litchi extract proved the most potent inhibitor of elastase and collagenase, followed by tamarind and rambutan extracts. All extracts were shown to be safe in human skin fibroblasts, and result in efficient protection from oxidative damage, and the action of MMP-2. In addition, extracts were exhibited to lighten skin via melanogenesis suppression, arising from tyrosinase and TRP-2 inhibitory effects. From these studies, and their maximum safe concentrations, litchi peel extract appears to be the most promising candidate for incorporation into anti-aging and skin lightening cosmetic products. These results give credence to the idea of value creation from waste, with biologically active phenolics from fruit wastes being of great potential as additives or specialty ingredients for personal care products.
